Abstract: The pollen morphology of Turkish species belonging to sect. Quinqueloculares (Boiss.) Phitos (Campanulaceae) were investigated with a light microscope (LM) and scanning electron microscope (SEM). All examined species are endemic, except Campanula crispa Lam. According to the results of this study, pollen grains of the examined taxa were triporate and spheroidal. Their sculpture was spinose and baculate (C. crispa Lam.); spinulose and microperforate (C. tomentosa Lam.); microperforate (C. vardariana Bocquet) or more commonly, microechinate (C. iconia Phitos, C. lyrata Lam. subsp. lyrata, C. hagielia Boiss., C. sorgerae Phitos, C. betonicifolia SM., C. karadjana Bocquet, C. telmessi Hub.-Mor.&Phitos, C. davisii Turrill ).
Introduction
The genus Campanula comprises about 300 species and is distributed in most of Mediterranean region (about 150 species) (Cronquist 1988; Heywood 1998) . According to Contandriopoulos (1984) , the East Mediterranean is the centre of distribution, as well as the centre of diversification of the genus Campanula. Campanula is among the genera containing the highest endemic species, with the endemics ratio of more than 50%, and is represented by a total of 134 taxa in Flora of Turkey (Damboldt 1978; Davis et al. 1988; Güner et al. 2000; Ozhatay et al. 1999; Özhatay et al. 2006; Özhatay et al. 2009; Alçıtepe & Yıldız 2010) .
There are many studies on the pollen morphology of the family Campanulaceae. Chapman (1967) , for example, examined 31 species representing 21 genera. She compared the pollen of the Campanulaceae family and listed them in phylogenetic order. The palynology of Campanulales was also described by Avetisjan (1967 Avetisjan ( , 1973 . Avetisjan gave a schematic presentation of evolution based on the development of apertures from pollen with many colpi to panto-colporate pollen grains. Likewise, Erdtman (1966 Erdtman ( , 1969 ) studied the pollen morphology of 75 species of the family Campanulaceae. In addition, the pollen morphology of 10 species belonging to 3 genera of the family Campanulaceae in Pakistan were investigated with light-and scanning-electron microscopy by Perveen et al. (1999) . Dunbar (1973 Dunbar ( , 1975 Dunbar ( , 1975b Dunbar ( , 1981 studied the pollen of Campanulaceae and related families with special reference to the surface ultrastructure. A numerical method was applied to the study of the pollen grains of 38 species of Campanulaceae by Dunbar & Wallentinus (1976) . İnceoglu (1975, 1976) , Oybak & Pınar (1995) and Potoglu Erkara et al. (2008) examined the pollen morphology of some species of the family Campanulaceae from Turkey.
This study investigates the pollen morphology of Turkish species belonging to sect. Quinqueloculares (Boiss.) Phitos (Campanulaceae) using light, and scanning electron microscope.
Material and methods
The pollen grains were prepared by the methods described by Erdtman (1960) and the terminology follows Erdtman (1969), and Faegri & Iversen (1964) . The material used was either fresh, or obtained from dried specimens from the herbarium of Celal Bayar University (Table 1) . For LM, the pollen grains were acetolyzed; embedded in unstained glycerine jelly on slides and sealed with paraffin. For SEM, the pollen grains were suspended in a drop of water, directly transferred to a metallic stub using double-sided adhesive tape, and then coated with gold. A Jeol JSM 5200 scanning electron microscope at Ege University, Dentistry Faculty Laboratory,İzmir was used for examination and for taking the micrographs. The morphological measurements of pollen grains based on 30 readings of each specimen are given in Table 1 and the specimens examined are listed in  the Table 2 . All measurement are given in µm, P-Polar axis; E-Equatorial diameter; Plg-Pore length; Plt-Pore width; M-Mean; S-Standard deviation; var-Variation.
Exine: 0.93 µm thick. There are spines and bacula. A few spines are 1.7 µm in height and lower ones occur without roots. A few bacula are about 2 µm high, base diameter 0.5-1.75 µm and irregularly spaced; close together like psilate. Between spines and bacula are 1.5 µm. Density = 1 baculum or 2 spines/5 µm 2 . 
C. tomentosa

Discussion
Quinqueloculares section is represented by eleven species and subspecies in Turkey and the East Aegean Islands (Damboldt 1978; Davis et al. 1988; Güner et al. 2000) . In this study, C. lyrata Lam. subsp. 2005), which were considered to be of dubious merit in the Flora of Turkey (Damboldt 1978) , was determined and included in this study. The examined taxa are the following: C. crispa Lam., C. tomentosa Lam., C. vardariana Bocquet C. iconia Phitos, C. lyrata Lam. subsp. lyrata, C. hagielia Boiss., C. sorgerae Phitos, C. betonicifolia Sm., C. karadjana BocquetC. telmessi Hub.-Mor. & Phitos, and C. davisii Turrill. Based on the observations in this study, it seems that pollen of Sect. Quinqueloculares in Turkey was similar. The shape of the pollen grains was spheroidal, radially symmetrical, isopolar and triporate. The measurements of the pollen (Table 2 ) differed among species as well as the other genera (Asyneuma Griseb. & Schenk., Michauxia L'Herit, Legousia L. etc.). The smallest grains (C. karadjana) had a polar axis of 20.51 µm and an equatorial axis of 20.30 µm. The largest grains (C. crispa) had a polar axis of 27.38 µm and an equatorial axis of 27.35 µm. The average thickness of the exine was 0.92-1.12 µm and the pores were equatorially arranged. The average diameter of the smallest pore was 4.24 µm (C. hagielia); the largest one was 5.96 µm (C. hagielia). The margins of the pores were mostly noticeable and had small granules (Figs 1-22) . Generally, the operculum included large columellae. They had granules and sometimes two segments. The length of the spine or spinules, on the exine surface, varied between 0.15-1.7 µm. The spines or spinules in the sexine were obvious. The sexine is sometimes psilate (C. crispa) and perforate (C. tomentosa) or sometimes indistinctly granular. C. crispa contains spines while the others contain spinules. In the pollen of the same species, a difference in the height of the spinules may be observed (İnceoglu 1975) and this can be clearly seen in C. crispa. C. crispa is the only species which contains both spinules and bacula. C. tomentosa can be distinguished by its spinules which are longer and fewer than the other species. The spinules of C. telmessi and C. davisii are 0.3-0.6 µm ( Table 2 ). The other species contain spinules which are 0.25-0.5 µm. The number of spines and spinules in every unit square of the pollen surface is different in each species. The highest number of spinules occurs in the pollen of C. karadjana (61/5 µm 2 ) and the lowest number of spinules occurs in C. tomentosa (3-4/5 µm 2 ). In general, the spinules of the pollen which contain more spinules in one unit square are shorter. Avetisjan (1973) states that the members of the Campanulaceae from the tropical zone are colpate, colporate or colpate-porate, whereas those of the temperate zone are porate. Furthermore, she states that the increase in the number of the pores evolve in inverse proportion to the length of the spinules. The findings of this study corroborate Avetisjan's conclusions (1973) . However, Dunbar (1975) states that, in addition to the decrease in the spinule length, there can also be a change in structure of the surface, although this is not con-sidered to be a reliable characteristic. İnceoglu (1975) indicates that sexine sculpture becomes clearer as the size of the pollen increases. In this study, it was observed that when the size of pollen diameter increased, the length of the spinules also increased, together with the pollen diameter, while the sexine displayed a clearer ornamentation. Walker (1974a,b) defines the nonexistence of protuberances on the tectum as a primitive characteristic. In other words, relatively psilate or faveolate pollen is primitive. On the other hand, in what is considered to be advanced pollen, protuberances on the tectum have various shapes. In this study it was found that only C. crispa supported this data.
With the help of their comprehensive study on C. tomentosa and C. vardariana, it is now possible to distinguish these two species in terms of both palynological characters and morphological characters. The problem of these taxa, which in the Flora of Turkey (Damboldt 1978) were considered doubtful or inadequately known were solved and it was affirmed that they were different species (Alçıtepe & Yıldız 2010) .
In our palynological analysis, the pollen diameter of C. betonicifolia was larger and exine thickness greater in comparison with C. karadjana, whereas the pore diameter in the latter was larger ( Table 2 ). The number of spines in 5 µm 2 in C. karadjana (minimum 50 pcs) was much greater when compared to C. betonicifolia (maximum 47 pcs). C. iconia is prominently distinguished from the other taxa in the section by "upper floral leaves" being amplexicaul. While it's pollen mostly has a smooth surface, it shows differences in the distribution of microechinate sculpturing elements which are regular and the number of spinules is low (15-17/5 µm 2 ). It can be seen that C. telmessi and C. davisii, differ morphologically.
Morphological characteristics that differentiate C. lyrata subsp. lyrata from C. sorgerae are very few, such as the length of corolla and the presence of a denser indumentum. The pollen of C. lyrata subsp. lyrata was studied from a different locality by Potoglu Erkara et al. (2008) . However, their results differ from ours (P/E = 0.99, exine = 1.02), and it was found that pollen grains were oblato-sphaeroidal (P/E = 0.94 µm) and exine was 1.10 µm.
Further morphological, palynological and molecular studies are needed to understand the evolution of the genusCampanula.
The distinction key based on the taxa's pollen morphology is given below: 
